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Introduction
The lymphatic system is considered the main route for mammary tumor metastases, and surgery for a mammary tumor implies removal of the tumor along with the gland-associated lymph nodes［5］ . Although there is a fairly standard lym-
Variation and Visualization of the Lymphatic Drainage
Routes in Normal Canine Mammary Glands. 
Abstract
The lymphatic drainage pattern of normal canine mammary glands was investigated in an anatomical study using India ink, and the usefulness of three-dimensional computed tomographic analysis（3D-CT） with contrast media for visualization of sentinel lymph nodes was examined in a clinical setting.
In the anatomical study, the first and second mammary glands consistently drained into the ipsilateral axillary lymph nodes in all dogs. In two of three cases, the third mammary gland drained simultaneously into the ipsilateral axillary lymph nodes cranially and into the superficial inguinal lymph nodes caudally.
In one of these two cases, the lymph drained into the contralateral inguinal lymph nodes via the pelvic lymphatic plexus. In the remaining case, the third mammary gland only drained caudally into the ipsilateral superficial inguinal lymph nodes. In five cases, the fourth mammary gland, and in two cases, the fifth mammary gland, usually drained into the ipsilateral superficial inguinal lymph nodes and medial iliac lymph nodes in the abdominal cavity. However, in one case, the fourth mammary gland drained into the contralateral inguinal lymph nodes via the pelvic lymphatic plexus, as also seen in the third mammary gland.
The CT analysis showed that the lymphatic pathways draining directly from the injection sites of small doses of contrast medium were quickly and sufficiently enhanced in the animals without any significant late adverse effects. In particular, topographic 3D-CT lymphography provided detailed anatomical information on individual lymphatic channels and nodes without overlaps with the surrounding structures.
phatic drainage pattern and route from the canine mammary glands［1, 6-8, 11, 12］ , there are also variations in drainage among individuals. In addition, mammary neoplasia is known to sometimes alter the lymphatic drainage pattern, forming new draining channels and recruiting a large number of lymph nodes［2, 8, 13］ . Consequently, visualization of the lymphatic drainage route from each mammary gland for each individual should be of high importance for the surgeon, not only for determining the most appropriate surgical excision but also to provide an accurate postsurgical prognosis.
The purpose of the present study was to investigate the variations in the lymphatic drainage pattern of canine mammary glands using an anatomical technique and to examine the usefulness of computed tomography （CT） lymphography to visualize the sentinel lymph nodes for clinical use. 
Materials and Methods

（2）CT lymphography of the mammary gland following interstitial injection of angiography contrast medium
The contrast medium entered the lymphatic channels almost immediately after injection and was distributed into the mammary lymphatic plexus. The efferent mammary lymphatic vessels and the lymph nodes into which they drained were usually visualized within 5 min after the injection. A schematic representation of the lymph drainage from each gland is presented in Fig.1 A, B Table 1．The relationship between India ink-injected site（mammary gland）and associated lymph nodes.
All the thoracic mammary glands of eight cases（A-H）constantly drain into the ipsilateral axillary lymph nodes（LNs） . In the third or cranial abodominal mammary gland of three cases（I, J, K） , two cases（I, J）drains into the ipsilateral axillary lymph nodes cranially and the superficial inguinal lymph nodes caudally simultaneously. In one case（I）of the two cases（I, J） , the drainage reached into the contralateral inguinal lymph nodes via pelvic lymphatic plexus. While, K, injected into the third mammary gland only drained caudally into the ipsilateral superficial inguinal lymph nodes. The fourth or caudal abdominal mammary gland of five cases（L-P）and the fifth or inguinal mammary gland of two cases（Q, R） usually drain into the ipsilateral superficial inguinal lymph nodes and medial iliac lymph nodes in the center of the abdominal cavity. However, L, injected into fourth mammary gland, lymph drainage extend downward the contralateral inguinal lymph nodes via ipsilateral superficial inguinal lymph node and pelvic lymphatic plexus as seen in the third mammary gland（I） . Fig. 1（A ,B,C） ．Pattern of drainage variations on canine mammary lymphography.
Dog1（Fig. 1A） ：Iopamiron-370 injected into the first and second mammary glands of both sides drained cranially into the ipsilateral axillary lymph nodes. However, some of the contrast medium from the right first mammary gland or the left second mammary gland simultaneously drained into the ipsilateral sternal lymphatic vessels and lymph nodes. Contrast medium from the third, fourth and fifth mammary glands on both sides usually drained into the ipsilateral superficial inguinal lymph nodes. Furthermore, the path of the lymph to the right superficial inguinal lymph node was extended forward into the left inguinal lymph nodes. In addition to this variation, the left third mammary gland also simultaneously drained cranially into the ipsilateral axillary lymph nodes.
Dog2（Fig. 1B） ：Iopamiron-370 injected into the right first, second and third or left first and second mammary glands drained into the ipsilateral axillary lymph nodes. In particular, the right second mammary gland and the left first and second mammary glands also simultaneously drained into the ipsilateral sternal lymphatic vessels and nodes. Furthermore, the right third mammary gland drained into the ipsilateral superficial inguinal lymph nodes.
Dog3（Fig. 1C） ：Iopamiron-150 injected into the right second mammary gland drained into the ipsilateral axillary lymph nodes and after injection into the left fourth mammary gland it drained into the ipsilateral superficial inguinal lymph nodes and continued into the medial iliac lymph nodes. Contrast medium from the mammary gland drained into the right axillary nodes（Yellow arrow） . White arrow shows the lymphatic drainage route from the right second mammary gland. Contrast medium drained into the right superficial inguinal lymph node, and the path was extended forward into the left inguinal lymph nodes via the pelvic lymphatic plexus in the pelvic cavity, as often seen in anatomical specimens. White arrow shows the pelvic lymphatic vessel. Yellow arrows show right and left superficial inguinal lymph nodes.
Fig. 4．3D-CT image of the left third mammary gland and ipsilateral adjacent structures 5 minutes after intramammary injection of iopamiron-370 in Dog 1.
Contrast medium from the mammary gland drained simultaneously into the ipsilateral axillary lymph nodes cranially and ipsilateral superficial inguinal lymph nodes and medial iliac lymph nodes of the abdominal cavity caudally. White arrows show the lymphatic drainage route from the left third mammary gland. Yellow arrows show the axillary lymph nodes, superficial inguinal lymph nodes（back）and medial iliac lymph nodes（top） . we found the same route of drainage in healthy mammary glands, as mentioned above. In addition, Pereira et al［8］de-scribed that the contralateral axillary lymph nodes were sentinel lymph nodes of healthy thoracic mammary glands. However, we were unable to identify this route in the present study. In contrast, the fourth mammary gland usually drained into the ipsilateral superficial inguinal lymph nodes；however, sometimes it also drained into the contralateral superficial inguinal lymph nodes. This lymphatic drainage pattern has not been described previously.
The lymphatic system is considered a major route for metastases of canine mammary cancer, and surgery for mammary tumors often implies removal of the tumor along with the gland-associated lymph nodes. To achieve successful, appropriate surgical excision of mammary tumors, an accurate assessment of the glands associated with lymphatic drainage along 
